Many theories have been proposed to account for the accumulation of citrate in selected strains of Aspergillus niger (Berry et al., 1977) .
other tricarboxylic acid-cycle intermediates. He postulated that the regulation of isocitrate dehydrogenase activity by citrate could form the basis for the control of citrate production. If this is correct, then citrate inhibition of isocitrate dehydrogenase should be found in other strains of A. niger.
In the present communication we report on the effect of citrate on NADP+-specific isocitrate dehydrogenase enzymes from two strains, one of which (72-4) can yield commercially useful quantities of citrate under suitable conditions, the other normally cultured for cellulolytic enzymes (50-565 ii) .
Stock cultures of A. niger strain 72-4 of Shu & Johnson (1947) and A . niger Van Tieghem strain C.M.I.50-565 ii (Commonwealth Mycological Institute, Kew, Surrey, U.K.) were maintained on Czapek-Dox agar. The organisms were grown in a highsucrose medium (Ahmed et al., 1972) in shake culture from an inoculum of 5 x lo7 conidia. Changes in mycelial weight, medium pH and citrate concentrations in the medium and mycelium were determined over an incubation period of 14 days. Citrate was determined by the method of Saffran & Denstedt (1948) , modified by Spencer & Lowenstein (1967) .
Both strains showed similar batch culture growth kinetics. A . niger strain 72-4 showed a marked increase in citrate concentration in the mycelium from an initial value of 0.5mM to a maximum of 4 . 6 6 m~ by the fifth day of cultivation, when citrate accumulation in the medium became significant. A. niger strain C.M.I. 50-565 ii showed no significant variation in citrate concentration in the mycelium, reaching 0.55 mM by the seventh day of cultivation. There is thus an 8-fold difference in internal citrate concentrations between the two strains. The pH of the medium fell from 3.1 to 1.9 during the first 4 says in both strains. The internal pH of the mycelium did not seem to be affected by the external pH under these conditions. Strain 72-4 produced 2.5g of citrate per g of dry mycelium by day 10 of cultivation, and strain C.M.I. 50-565 ii produced 0.609g of citrate per g of dry mycelium at this time. It would therefore appear that citrate concentrations in the medium and the mycelium are related.
Mitochondria were isolated and disrupted as previously described (Mattey, 1977) . Isocitrate dehydrogenase activity was assayed by the method of Ochoa (1948) , with NADP+ and D,-threo-isocitrate as substrates.
The NADP+-specific isocitrate dehydrogenase activity from mitochondria, isolated from day-6 mycelia, was inhibited by citrate, but was not affected by malate, fumarate, succinate, a-oxoglutarate or pyruvate. Fig. 1 shows a double-reciprocal (LineweaverBurk) plot of NADP+-specific isocitrate dehydrogenase activity versus substrate concentration, in the presence and absence of citrate, from both strains.
It was previously reported that citrate inhibition of the NADP+-specific isocitrate dehydrogenase appeared to be competitive, but it is apparent that at higher isocitrate concentrations the enzyme does not obey conventional Michaelis-Menten kinetics. The kinetic data suggested that two similar enzymes were acting on the same substrate, but 577th MEETING, OXFORD attempts to demonstrate two NADPt-specific isocitrate dehydrogenase enzymes in the mitochondria have so far proved unsuccessful. The decrease in enzyme activity over the isocitrate concentration range 0.25-0.4m~ has been found to be general with NADPtspecific isocitrate dehydrogenase activity found in other strains. Neither K,,, nor K, values NADP+-specific isocitrate dehydrogenase activity was measured by measuring A340 as described by Ochoa (1948) . D,-threo-isocitrate concentration was 16.8 m~. m, Strain 50-565 ii (3.12m~-citrate); 0, strain 50-565 ii (15.6m~-citrate); 0 , strain 72-4 (3.12m~-citrate); 0, strain 72.4 (15.6m~-citrate).
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could be measured from these data. Attempts to measure the apparent Ki directly by the method of Dixon (1953) shed no light on the type of inhibition exerted by citrate.
The NADP+-specific isocitrate dehydrogenase activity from both strains showed similar pH profiles, maximal activity being at pH7.6, when measured at low and high isocitrate concentrations. Citrate inhibition is pH-sensitive (Fig. 2) , showing marked inhibition of enzyme activity at pH7.6 and above. At pH values below this, a S-fold increase in citrate concentration shows no marked effect on enzyme activity.
These two strains of A. niger, and others examined so far, accumulate citrate in the medium to a greater or lesser extent and all possess a mitochondria1 NADP+-specific isocitrate dehydrogenase enzyme showing inhibition by physiological concentrations of citrate. This inhibition is consistent with the model previously suggested (Mattey, 1977) , but the significance of the complex kinetics is not apparent.
di Prisco (1967) reported that reaction of l-fluoro-2,4-dinitrobenzene with glutamate dehydrogenase caused a loss of catalytic activity which could be prevtnted by NAD+, and also a complete desensitization towards both ADP (allosteric activator) and GTP (allosteric inhibitor). The presence of ADP or GTP prevented desensitization towards that nucleotide, but not towards the other nucleotide, provided NAD+ was also present. Later, di Prisco (1971) showed that NAD+, ADP and GTP each protected a set of six lysine and three tyrosine residues per enzyme hexamer. These results have been used as evidence that the ADP-and GTP-binding sites are non-identical. However, Smith et ul. (1975) reported, without any details, that they were unable to confirm the results of di Prisco (1971) . In view of the possibility of identifying residues in the primary sequence involved in the binding of ADP and GTP, the reaction has been re-examined.
Glutamate dehydrogenase was incubated in the dark at 25°C in 0.05~-potassium phosphate buffer/20p~-EDTA, pH 8.0, with 1.35 m~-1 -fluoro-2,4-dinitrobenzene. Ligands to be tested as protective agents were included at the concentrations indicated in Table 1 . Catalytic activity was assayed with a recording fluorimeter by using a reaction mixture containing 40mM-glutamate and 240,u~-NAD+ in 0.05 M-potassium phosphate buffer/20p~-EDTA, final pH 8.0, at 25°C. Reaction mixtures were supplemented with either 0.5mM-ADP or ~O~M -G T P for examining changes in the response to nucleotides during modification. Table 1 shows that dinitrophenylation of glutamate dehydrogenase caused loss of activity, almost complete desensitization to GTP under the conditions of assay, but only partial desensitization towards ADP after 4h incubation. Complete ADP desensitization was not approached in any experiment. NAD+ gave only partial protection
